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Abstract

Background This systematic review aims to examine the association between impairment of lung function and risk
of anxiety and depression, respectively, in patients with chronic obstructive pulmonary disease (COPD).

Methods Literature search were performed 29/01-2024 using Embase and PubMed. Publications reporting associa-
tion between forced expiratory volume in one second in percentage of expected value (FEV1(%)) and either anxiety
or depression or both in patients with COPD were included. The studies were quality assessed using the Newcastle
Ottawa Scale. The studies were analysed by assessing whether they showed significant results or not, and if they
showed a negative or positive association between lung function and risk anxiety or depression and a pooled analysis
was conducted.

Results Thirty-seven studies were included in the review, 15 reported anxiety and 31 reported depression, with 9
reporting both outcomes. Most were observational studies. Study population sizes ranged from 40 to 2147 patients.
Three studies found a significant negative association between anxiety and FEV1(%), while five studies found a posi-
tive non-significant association between anxiety and FEV1(%). Fifteen studies found a significant negative association
between FEV1(%) and depression. Especially the studies with larger study population sizes showed significant results.
The pooled analysis supported this, as the depression studies showed a significant association between depression
and FEV1(%), while the anxiety studies showed part non-significant, part significant associations between anxiety
and FEV1(%).

Conclusion This systematic review did not support an association between anxiety and impairment of pulmonary
function as only 3/15 studies showed significant negative associations, and some studies showed positive associa-
tions. This review indicated an association between depression and impairment pulmonary function in patients

with COPD, as most studies with a larger study population size showed a significant negative association.
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Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a
common disease, and the third leading cause of death in
the world [1]. In patients with COPD comorbidities are
of great importance. Among these, studies have shown
a prevalence of anxiety in patients with COPD rang-
ing from 13-46%, while the prevalence of depression is
found to be 27%, in both cases higher than the general
population [2, 3]. Anxiety and depression in patients
with COPD have been shown to both increase mortal-
ity, decrease health related quality of life and increase
the risk of exacerbations [4, 5]. Patients with COPD and
comorbid anxiety or depression pose a higher economic
burden to the society, compared to patients with COPD
without those comorbidities [6]. Therefore, the preven-
tion, diagnosis, and treatment of anxiety disorders and
depression in the COPD patient population is impor-
tant from both an individual and societal point of view.
Several risk factors of anxiety and depression in patients
with COPD have been suggested, even though there are
inconsistencies between studies. Some studies found
a lower risk of anxiety with increasing age [7, 8], while
other studies found no association [9, 10]. Previous stud-
ies found an association between female sex and anxiety
[11, 12], while a link between female sex and depression
was not significant [7, 9, 11].

It is not clear whether an increase in the disease sever-
ity of COPD increases the risk of anxiety, especially
because the definition of disease severity differs between
studies. While some studies found a higher risk of anxiety
with more severe Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) group and Medical Research
Council Dyspnoea Scale (MRC) [7, 13, 14], other stud-
ies found no link between MRC scale, 6-min walk test
distance [6MWT] and anxiety risk [8, 9]. A 6-min walk
test measures the distance a patient can walk in 6 min,
thus being a way of measuring functional capacity of the
patient [8].

Results are less conflicting in studies investigating the
association between depression and COPD, yet also
dependent on how disease severity of COPD was evalu-
ated. There are strong associations between higher MRC-
score and risk of depression [8, 9, 15, 16], but inconsistent
results were found between 6MWT and depression, as
some studies found an association [8, 15], but other stud-
ies found no association [8, 13, 16].

The impairment of pulmonary function in patients with
pulmonary diseases can be measured with spirometry.

The Forced Expiratory Volume in one second (FEV1) can
be reported using volume in liters or percentage of the
expected value for certain sex, age, height, and ethnicity.
FEV1 is usually decreased in patients with COPD and is
a way of measuring the degree of pulmonary impairment
in patients with COPD [17-19].

Although MRC and 6MW Tare both validated, subjec-
tive scores may be influenced by multiple factors [20, 21].
Therefore, generalisability of the association between an
objective measure and anxiety and depression could have
higher impact, for example pulmonary function. The
results from a 6MWT and FEV1 have been found not to
be directly comparable, as several factors affect the per-
formance in the 6MWT [22]. The same applies to asso-
ciations between MRC-score and FEV1 [23-25]. FEV1
is an objective and well-validated measure of pulmonary
function in patients with COPD, although the measure-
ment includes possible sources of error [17-19].

The primary aim of this systematic review is therefore
to investigate whether there is an association between
lung function impairment defined as FEV1 in relation to
expected value and anxiety or depression in patients with
COPD.

Methods
Search strategy
This study was conducted as a systematic review with
two evaluators on the 29th of January 2024.

A literature search was conducted using PubMed and
Embase with the help of an experienced medical librar-
ian. The keywords searched were “Chronic obstructive
pulmonary disease” and “Forced Expiratory Volume” and
either “depression” and/or “anxiety’, both as MeSH and
Emtree-terms and as broad search. Common synonyms
as such were also included in the search. All English stud-
ies published between January 1975 and January 2024
were included. The reference lists of eligible studies were
searched to identify other relevant studies. The whole
search string is available in Appendix 1. The search was
conducted, and the review was prepared according to the
PRISMA-guidelines, adhering to the PRISMA-checklist
[27].

The protocol was submitted to The International Pro-
spective Register of Systematic Reviews (PROSPERO)
prior to implementing the search [28].

Selection criteria.

Only  studies
with  spirometry

exclusively  including  patients
verified COPD according to
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GOLD-recommendations were included in this review,
as only patients with COPD are within the scope of this
systematic review [29]. As FEV1 is influenced by sex,
age, ethnicity, and height [24], only studies using FEV1
in percentage of expected value (FEV1(%)) or Z-score
for calculations were included. Studies were eligible if
they reported a numerical risk of anxiety or depres-
sion compared to measured FEV1(%) or Z-score, com-
bined with a p-value. Studies were eligible if anxiety or
depression were defined as one of the following: A veri-
fied depression or anxiety scale, the use of medication or
hospital diagnosis. Studies concerning both anxiety and
depression were included, but only if they differentiated
between anxiety and depression as separate diagnoses in
the analysis, as a separate analysis of anxiety and depres-
sion will take place.

Exclusion criteria were other pulmonary diseases than
COPD, either as only respiratory disease or in conjunc-
tion with COPD and studies of mixed populations, that
is studies with both patients with COPD and healthy sub-
jects within the study population. Studies only reporting
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e.g. health related quality of life or unspecified mental ill-
ness were excluded.

The titles and abstracts were screened by two inde-
pendent evaluators using EndNote. Any study evaluated
to be eligible by any evaluator underwent full text review
by one evaluator. In case of disagreement on inclusion a
third evaluator was consulted. The number of excluded
studies and the reason for exclusion were noted in
PRISMA flow chart (Fig. 1).

Every study was assessed regarding risk of bias with a
version of Newcastle Ottawa Quality Assessment Scale
(NOS) adapted for cross-sectional studies by one evalu-
ator. As NOS was originally made for case—control or
cohort studies, the scale was modified to fit cross-sec-
tional studies [30]. Three main categories were assessed:
Selection (representativeness, sample size and non-
respondents), comparability (If the study controls for
any factors), and outcome (Assessment tool and statis-
tical test used). The main highlights of the bias assess-
ment were discussed in the discussion section. Scale and
results can be seen in Appendix 2-3.

Identification of studies via databases and registers

)
5 Records identified from*: Records removed before
= screening:
K] Embase (n =1,330) >
b3 Duplicate records removed
§ Pubmed (n = 520) (n =426)
I
'oummn
Records screened Records excluded
>
n=1, n=1,
(n=1,424) (n=1,134)
v
Reports sought for retrieval Reports not retrieved
o >
c (n =290) (n=5)
e
[
- I
O
]
Reports assessed for eligibility _| Reports excluded:
(n =285) Not reporting wanted
outcome (n = 226)
Lacks indication of
significance (n =3)
v Not strictly COPD

Studies included in review
(n =37)

Depression (n =31), Anxiety
(n=15)

Fig. 1 Flowchart describing selection process of eligible studies (27)

patients/comparision to
healthy subjects(n = 3)

FEV1 only in volume (n=16)
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Data extraction and analysis.

Outcomes were either depression or anxiety com-
pared to FEV1(%) or Z-score. The selected articles were
divided into two groups, either concerning depression
or anxiety, but could also be included in both groups if
both outcomes were reported separately. For each study,
study population, number of participants, study type, and
anxiety and depression definition and prevalence were
recorded. Moreover, basic information consisting of first
author and year was recorded. The findings of the studies
were recorded using the statistical outcome measure pre-
sented in the article (e.g. relative risk, odds ratio, hazard
ratio, correlation coefficient, mean difference) combined
with p-value.

The studies were grouped according to size based on
number of participants to evaluate the influence of study
size on significance. The studies using the two most com-
mon outcome measures were used in pooled analysis
using MedCalc software version 23.0.1. Random effects
in the calculations were assumed, as the effect size of
FEV1(%) was assumed to vary across study settings.

Results

Selection process

The selection process is presented in Fig. 1. Twenty-two
studies which only reported FEV1(L), had study popula-
tions that did not meet the inclusion criteria or did not
report anxiety or depression in an appropriate way were
excluded and are presented in Appendix 4. Of the 37
studies included, 15 were allocated to the anxiety group
and 31 were allocated to the depression group, as 9 stud-
ies reported both outcomes. The studies were published
between 2002 and 2023. None of the studies used Z-val-
ues to define FEV1 in relation to reference measures,
so FEV1(%) will be as definition of pulmonary function
onwards.

Study results

Anxiety

The studies reporting anxiety are presented in Table 1.
Fifteen studies were included. Most studies (13/15) were
observational, the remaining intervention studies, and
study population sizes varied from 40 to 2147. The preva-
lence of anxiety in the studies was between 9.9% to 54.5%.
Of the included studies twelve studies showed non-sig-
nificant results.

Definitions of anxiety were The State Trait Anxiety
Inventory (STAI) (N=5), Hospital Anxiety and Depres-
sion Scale Anxiety Inventory (HADS-A) (N=4), Anxi-
ety Disorder Interview Schedule IV (ADIS IV) (N=2),
Hamilton Anxiety Rating Scale (HAM-A) (N=1), Beck
Anxiety Inventory (BAI) (N=1), Generalized Anxiety
Disorder 7 item (GAD) (N=1) and Anxiety Inventory
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for Respiratory Disease (N=1). In all the rating scales, a
higher score means a higher risk of anxiety.

Range of age differed from >18 years of age to no age
restrictions, as 9/15 of the studies did not mention age
restrictions. Nine studies recruited patients from out-
patient clinics, one both outpatient and inpatient, three
from rehabilitation programs and two from cohort stud-
ies. Five studies were conducted in Europe, three in Asia,
three in Africa (specifically Egypt), two in Australia, one
in the Northern America and one in Southern America.

The number of significant studies relative to the size of
the study populations in the anxiety group is presented
in Fig. 2.

The pooled correlation coefficient calculation included
7 studies and showed a non-significant negative asso-
ciation between FEV1(%) and anxiety, with a correlation
coefficient of —0.156 (p-value 0.184) (Fig. 3A). The pooled
standardized mean difference calculation included 4
studies and showed a significant association between
anxiety and FEV1(%), with a standardized mean differ-
ence of —0.229 (p-value 0.033) (Fig. 3B).

Depression

The studies reporting depression are presented in
Table 2. Thirty-one studies were included. Most studies
were observational (29/31), the remaining were interven-
tion studies. Study population sizes varied between 54
to 2147. The prevalence of depression in the studies was
between 5.8% to 54.7%. One study [53] used two com-
pletely different study populations with two different sets
of results, and therefore these results will be presented
as two studies, meaning we will count the included
studies as 32 in the further analysis. A significant asso-
ciation between FEV1(%) and depression was found in 15
studies.

Definitions of depression in included studies were
Center for Epidemiologic Studies Depression Scale (CES-
D) (N=4), Becks Depression Inventory (BDI) (N=7),
Brief Assessment Schedule Depression Cards (BASDEC)
(N=1), Geriatric Depression Scale (GDS) (N=4), Hospi-
tal anxiety and depression scale for depression (HADS-
D) (N=5), Hamilton Depression Rating Scale (HAM-D)
(N=3), Self-rating Depression Scale (SDS) (N=2), Medi-
cal history (N=1), Personal Health Questionnaire 9
(PHQ-9) (N=4) and Mini international neuropsychiatric
interview plus (N=1). In all the rating scales, a higher
score means a higher risk of depression.

Of the included studies 15/31 did not mention any age
restrictions. Patients under the age of 40 were excluded
in ten studies. While seventeen of the studies included
patients in outpatient clinics, six studies used registries
or existing cohort studies. The rest were included at reha-
bilitation centre (2), general practice (2), inpatient (1)
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m Significant

Fig. 2 Number of studies significant and non-significant results compared to sample sizes in the anxiety group. The light downward parts are
studies showing non-significant results and the dark upward parts are the studies showing significant results

and inpatient and either outpatient or rehab (2). Thirteen
studies were conducted in Europe, eleven in Asia, four in
North America, one in South America and two in Africa.

There was a trend against significant outcome being
dependant on study size in the depression group (Fig. 4).
All but one (6/7, 85.7%) study with a large study popula-
tion found a significant association between FEV1(%) and
depression while four of the studies in the group of small
studies (4/9, 44.4%) showed significant association. In
the medium group every third study showed significant
results (5/16, 31.3%).

The pooled correlation coefficient calculation included
8 studies and showed a significant negative association
between FEV1(%) and depression, with a correlation
coefficient of —0.173 (p-value 0.026) (Fig. 5A). The pooled
standardized mean difference calculation included 12
studies and showed a significant association between
depression and FEV1(%), with a standardized mean dif-
ference of —0.676 (p-value 0.009) (Fig. 5B). One study was
excluded from the calculations as it did not report the
necessary standard deviation for mean FEV1(%) [16].

Risk of bias assessment

The scores of the risk assessment ranged between 3/8 and
7/8, with a median of 5. Only seven studies obtained any
points at all in the ‘Comparability’ assessment, and four-
teen in the ‘non-respondents’ assessment.

As statistical analysis with p-value and appropri-
ate definition of outcome were parts of selection crite-
ria, all studies scored the maximum of two stars in the
‘Outcome’ evaluation. All studies also obtained the pul-
monary function in an appropriate way, as spirometry

verified COPD was a part of selection criteria. Therefore,
all studies scored at least 3/8 points.

The studies investigating anxiety obtained a median of
6 points out of 8 (between 4 and 8). The studies investi-
gating depression obtained a median of 6 points out of 8
(between 3 and 8). The studies showing significant results
obtained a median of 6 points out of 8 (between 4 and 8),
while the non-significant studies obtained a median of 6
points out of 8 (between 3 and 7).

Further details about Risk of bias assessment are avail-
able in Appendix 3.

Discussion

This study found no association between anxiety and
lung function impairment, defined by FEV1(%) in most
studies, but a potential association between depression
and FEV1 (%).).

Associations between anxiety and impairment

of pulmonary function

Most studies show no association between anxiety and
FEV1(%). There are even studies showing positive cor-
relation coefficients or higher FEV1(%) in patients with
anxiety compared to patients without anxiety [32, 35, 36,
38, 42].

Three studies by Funk et al. 2009 [33], Livermore et al.
2012 [34] and Allam et al. 2017 [39] found a significant
negative association between FEV1(%) and anxiety, while
one study by Hieba et al. 2021 [40] found a slightly signif-
icant association with GOLD stage 1-4 but not FEV1(%).
These studies had small to medium study sizes (62—150),
so the significant association cannot be explained by
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Allam, 2017 - ——
Hieba, 2021 -
Hernandez,Pérez,2022 |
Total (random effects) -
|
-0,8 -0,6
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>
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-0,5 0,0 0,5 1,0
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Mean Difference

Fig. 3 A Pooled correlation coefficients including the studies reporting a correlation coefficient as a measure of association between anxiety
and FEV1(%), B Pooled standardized mean difference including the studies reporting mean FEV1(%) in patients with anxiety compared

to without anxiety

study size. The study population sizes of the anxiety
group were generally small, as only one study with a large
study population was included.

The prevalence of anxiety was relatively inconspicu-
ous in the significant studies (22—-54.5%) compared to the
other studies in the anxiety group (Table 1), and com-
parable to the studies showing positive non-significant
associations (11.3%-50%) [32, 35, 36, 38, 42]. The dif-
ferences in anxiety prevalence could be due to the use
of different rating scales in different study populations.
However, there does not seem to be a pattern in the use

of anxiety rating scales, as e.g. two of the significant stud-
ies and two of the studies obtaining positive, but non-
significant associations used HADS-A, though cut-off
varied between 8-11 [32, 33, 39, 42]. Though, a previous
study on patients with Parkinson’s disease found a high
association among various anxiety scales [65].

The three significant studies were conducted in out-
patient clinics in Australia, Egypt, and Australia respec-
tively. The study population in Livermore et al. [34]
included only patients in GOLD groups II and III,
whereas Allam et al. [39] and Funk et al. [33] included
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Fig. 4 Number of studies showing significant and non-significant results compared to sample sizes in the depression group. The light downward
parts are studies with non-significant results and the dark upward parts are studies showing significant results

patients with stable COPD. Exclusion criteria (other
unstable diseases) were not substantially different com-
pared to the remaining studies, as most studies excluded
unstable patients in general. Livermore et al. [34] spe-
cifically investigated panic disorder, which differs from
the other studies. The patients in the study by Allam
et al. [39] had an average FEV1(%) of 76.6%, as such
mild COPD [17]. This was a considerably higher average
FEV1(%) compared to the studies by Livermore et al. [34]
with an average FEV1(%) of 52.9% and in one of the larg-
est studies by Herndndez-Pérez et al., with an average of
58.0% [42]. It is possible that the rating scales have a dif-
ferent sensitivity and specificity in patients with severe
COPD compared to mild COPD, as anxiety often mimics
somatic symptoms [66].

The two studies with the youngest average age of study
populations found a significant association between
anxiety and FEV1(%). The average age of the patients
included in the study by Allam et al. [39] was 50.3 years,
comparable to the study by Hieba et al. [40] with an aver-
age age of 57.2 years, while the average age of the patients
in the remaining studies was 60-75 years (Table 2). Previ-
ous studies have shown that younger people are better at
describing their symptoms as anxiety, which might have
an impact on the result of a study [67]. It is outside of the
scope of this study to determine if the risk factors of anxi-
ety might be different in a younger population than in an
older population, and further studies would be needed to
investigate this.

The percentage of females was 25%, 44% and 56%
respectively in the studies with significant findings [33,
34, 39]. As the study populations in the studies with

non-significant results consisted of 3% to 61% women
this does not separate the studies with significant results
from the non-significant (Table 2). In this review, there
was no indications of specific gender differences in the
association between FEV1(%) and anxiety.

Four studies used a direct comparison of average
FEV1(%) between patients with and without anxiety.
Three studies directly compared the prevalence of anxiety
in GOLD group 1-4. Eight studies used different correla-
tion coefficients. The studies showing significant results
used both direct comparisons and correlation coefficients
[33, 34, 39] and the same applies to the studies showing
non-significant positive associations [32, 35, 36, 38, 42].
While this does not support significance implications of
the statistical method, as long as it is appropriate, there
are other studies that could indicate that choice of statis-
tical method has influenced outcome: Hieba et al. 2021
[40] found a significant association between GOLD
group 1-4, i.e. FEV1(%) as a categorical value, but no
significant association with FEV1(%) as a continuous
value. Opposed to that, a significant association between
FEV1(%) and anxiety severity was found, but no associa-
tion with GOLD groups 1-4 [40]. It is not unreasonable
to think that the choice of continuous versus categorical
values could influence the results.

A difference between a pooled correlation coefficient
and a pooled standardized mean difference was found, as
only the latter was significant. Only 11 out of 15 studies
could be included in a pooled analysis. The inconsistent
results are consistent with the rest of the findings of the
study, showing no clear association between FEV1(%)
and anxiety. Thus, the clinician should not strictly assess
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Fig. 5 A Pooled correlation coefficients including the studies reporting a correlation coefficient as a measure of association between depression
and FEV1(%), B Pooled standardized mean difference including the studies reporting mean FEV1(%) in patients with anxiety compared

to without depression

the risk of anxiety in patients with COPD on the basis of
disease severity. There are several other known risk fac-
tors of anxiety in patients with COPD (Sex, symptom
burden, socioeconomic status etc.) [7-9, 13, 14], which
are possible confounders or effect modulators and might
explain the inconsistent findings between studies.

With three studies indicating a negative association
and five indicating a positive association this review
does not indicate any clear association between anxiety

and COPD. The pooled correlation coefficient was
non-significant, while the pooled standardized mean
difference was significant. Based on these results it is
not possible to confidently rule in or out any associa-
tion between FEV1(%) and anxiety. A meta-analysis in
the future could contribute with a higher quality of
evidence.

Associations between depression and impairment of
pulmonary function.
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The definition of depression varies greatly between
studies. Nine different scales were used, with BDI, PHQ-9
and HADS-D being the most frequent. Even among stud-
ies using the same scale, cut-off values vary greatly. For
the studies using GDS, cut off values of for example 6,
8 and 11 have been used [50, 51, 57]. GDS is meaning-
ful in screening for depression in patients>65 years, as
common somatic symptoms in elderly (Loss of appe-
tite, sleep disturbances, tiredness) and possible symp-
toms of dementia are not included [68]. Some studies
using GDS, only including patients over a certain age
[48, 55], but two had no age limit or even excluded older
patients> 65 years [48, 51]. The use in younger popula-
tions is not validated. The sensitivity and specificity of
GDS were comparable to the other scales (~80%) [68].

The scale yielding the highest proportion of significant
studies is PHQ-9, as three out of four studies using this
scale, showed significant results [60, 61, 64]. This might
be due to the large sample sizes in those studies (630—
1800). Studies have shown a specificity and sensitivity
using PHQ-9, similar to the other scales [68]. Only one
of the four studies using CES-D showed any significant
results [45, 47, 52, 53]. CES-D was invented for epidemi-
ologic studies. A review by Smarr Kl et al. showed that
the use of CES-C yields a high degree of false positives
at cut-oft>16, which three of the studies in this review
used, while one used>24 [45, 47, 52, 53, 68]. On the
other hand, CES-D is sensitive to anxiety and might mis-
classify somatic symptoms as symptoms of psychiatric
disease, which have not been shown to be associated to
FEV1(%) in this study [68]. Nonetheless, all four studies
using CES-D had a small-medium sample size, and may
therefore lack statistical power [45, 47, 52, 53]. The het-
erogeneity in the definition of depression between the
studies may be reflected in the prevalence of depression,
ranging between 5.8%-75% (Table 2).

Common symptoms of depression include somatic
symptoms such as sleep disturbances, appetite loss and
weight loss [69]. Studies have shown that sleep distur-
bances and sedentary behaviour lead to depression in
the elderly [70]. It has also previously been shown that
70% of patients with COPD have some degree of sleep
disturbances [71]. Patients with COPD have a high
degree of sedentary behaviour, which is even higher in
case of comorbid depression [54, 72]. Thus, symptoms
of depression and burden of illness can be hard to dis-
tinguish in patients with COPD, possibly leading to bias
or residual confounding. Most studies exclude patients
with other severe comorbidities or cognitive impair-
ment, and some exclude the oldest patients [36, 42,
48, 59, 62]. Age, comorbidities, and cognitive impair-
ment that is highly prevalent in COPD [72], also hold
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a risk of bias, misclassification, and residual confound-
ing. The scores used in the studies to define depression
could possibly act as confounders in themselves, but it
cannot be confirmed in this review.

The only large study without unambiguous significant
results was Miravitlles et al. [54]. Depression was here
defined as BDI> 10, which was the most used cut-off
value in the studies using BDI. Nevertheless, a preva-
lence of mild degree of depression of 74.6% and mod-
erate to severe degree of depression of 51.1%, suggests
a higher prevalence in this study than most studies in
this review (Table 2). In Miravitlles et al., the degree of
depression as a continuous value, rather than categori-
cal, was significantly correlated to FEV1(%) [54]. This
suggests a significant association between depression
and FEV1(%), after all. As most patients were allocated
to the depression group, the heterogeneity of this group
could be too large to obtain significant results when
using categorical values for depression [54].

Almost all the large studies showed a significant asso-
ciation between FEV1(%) and depression, and even the
remaining large study showed some significant results
[54]. This indicates that a larger sample size is needed
to obtain the power to carry studies in affective dis-
eases in patients with COPD. The pooled correlation
coefficient and pooled standardized mean difference
both showed a significant negative association between
FEV1(%) and depression, consistent with the other
findings. A future meta-analysis could substantiate the
findings, increasing the quality of the evidence.As an
association between anxiety and FEV1(%) is not evi-
dent, it is important to remember in a clinical setting
that even in patients with higher pulmonary function,
the clinician should be very aware of the risk of anxi-
ety. Regarding depression, it is important to be aware
of the risk increasing with decreasing pulmonary func-
tion. Still, the clinician should not forget that there are
several risk factors for depression, and it is still very
likely to occur in patients with higher pulmonary func-
tion [3]. Most studies included in this systematic review
only include one measurement of pulmonary function
and one assessment of pulmonary function. It would
be interesting in a future study to examine whether risk
of anxiety or depression increase with decreasing pul-
monary function in the same patients in a longitudinal
study. This could make it possible to comment on the
causation. To the authors’ knowledge no studies have
investigated how anxiety and depression affects the dis-
ability-adjusted life-year and how treatment affects the
quality-adjusted life-years [ref]. This would be impor-
tant knowledge regarding the significance of diagnosing
and treating anxiety and depression in COPD, thus a
suggestion for future research.
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Limitations

As is the case with systematic reviews this review is sus-
ceptible to publication bias or outcome reporting bias
[74]. Conference abstracts were not included, and it is
possible that some data could have been retrieved from
those.

Strict selection criteria increase the homogeneity and
make it possible to compare studies, but also increase
the risk of exclusion-bias. The risk of publication bias is
very likely. Three studies mentioned FEV1(%) in a group
of COPD patients with and without depression or anxi-
ety but did not perform significance testing and were
therefore excluded. FEVI(L) is not useful in this system-
atic review because it fluctuates with sex, age, ethnicity,
and height [17], and sixteen studies were excluded for
only reporting FEV1(L). It could lead to bias if FEV1(%)
was deliberately excluded from those studies because of
non-significance.

There was a great heterogeneity between studies, both
in the anxiety and the depression studies. This can be a
limitation, as it makes it difficult to compare studies. It
is unlikely that ethnicity, culture, age and setting would
not affect the prevalence of anxiety and depression [75].
On the other hand, if similar results are found across
countries, clinical settings and ages, it could also estab-
lish the results, as is the case in the depression group.
Many of the included studies had small to modest sam-
ple sizes, increasing the risk of lack of power, which lead
to an underestimation of the association between anxiety
or depression and FEV1(%). The studies in this review are
not evenly distributed on nationalities and therefore the
potential cultural impact from different nationalities can-
not be evaluated in this study.

Two databases were searched when conducting this
systematic review. It is possible that other databases
could have contributed with additional studies, increas-
ing the quality of the evidence.

A meta-analysis was not conducted. This would
have contributed with a greater quality of evidence and
negated the meaning of heterogeneity of studies, com-
pared to pooled analysis. A future conduction of a
meta-analysis of this topic would yield a higher level of
evidence than in the individual studies.

Regarding the Quality Assessment, the studies with
smaller sample sizes would be susceptible to bias, which
is also reflected in a lower NOS-score. At study level the
greatest risks of bias would be the lack of control for con-
founders, especially symptoms, and unexplained non-
respondents. Most studies (23/32) failed to inform about
non-respondents, and even if they did, the risk of bias
would not be eliminated. A previous study has found a
greater risk of depressive symptoms in non-respond-
ents [76] which could also be the case for these studies.
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Most studies did not control for confounders. The most
important confounder would probably be symptoms of
COPD, since previous studies have found a link between
the symptom burden and both FEV1(%) and anxiety or
depression [7-9, 15, 16]. As the risk of bias assessment
only was done by one person, the NOS scores could
not be validated by comparing the results from more
persons, thus increasing the risk of bias. Most studies
included patients from outpatient clinics or rehabilita-
tion. Whether this gives a satisfactory external validity
depends on the access to these facilities (e.g. waiting lists,
referral criteria and payment), which would differ greatly
from country to country. Most studies did not describe
the settings. It is reasonable to believe that the preva-
lence of anxiety or depression could depend on whether
patients in the study are stable or not, as a greater bur-
den of symptoms earlier has shown to lead to anxiety and
depression [7-9, 15, 16]. An influence on the results from
selection bias at study level is definitely possible. In gen-
eral, the quality of the studies was moderate to high, as
a certain diagnosis of COPD and appropriate outcome
measures were part of inclusion criteria, which makes it
reasonable to assume that the impact of bad quality stud-
ies on the final results is limited.

Conclusion

Only three out of fifteen studies investigating a correla-
tion between anxiety and FEV1(%) showed significant
results, while some even showed a reverse trend, which
does not support an association between anxiety and
impairment of pulmonary function. However, there may
be indications of an association between anxiety and
severe COPD.

The review indicates an association between depres-
sion and impairment of pulmonary function. However,
investigation of any correlation should be investigated in
large cohorts.

Abbreviations

COPD Chronic obstructive pulmonary disease

FEV1(%) Forced expiratory volume in one second in percentage of
expected value

FEV1(L) Forced expiratory volume in one second in Liters

MRC Medical Research Council Dyspnoea Scale

6MWT 6-Minute walk test

GOLD Global Initiative for Chronic Obstructive Lung Disease
STAI The State Trait Anxiety Inventory

HADS-A  Hospital Anxiety and Depression Scale Anxiety Inventory
ADISIV  Anxiety Disorder Interview Schedule IV

HAM-A Hamilton Anxiety Rating Scale

BAI Beck Anxiety Inventory

GAD Generalized Anxiety Disorder 7 item

AIR Anxiety Inventory for Respiratory Disease

CES-D Center for Epidemiologic Studies Depression Scale
BDI Becks Depression Inventory

BASDEC  Brief Assessment Schedule Depression Cards

GDS Geriatric Depression Scale

HADS-D  Hospital anxiety and depression scale for depression
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HAM-D Hamilton Depression Rating Scale (HAM-D)
SDS Self-rating Depression Scale
PHQ-9 Personal Health Questionnaire 9
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Differences between protocol and review

Since submission of the protocol, the title of the project has been changed
from ‘correlation between impairment of lung function and risk of depres-
sion and anxiety in patients with chronic obstructive pulmonary disease—A
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